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HOW THE HALF SECTIONS OF THE ARCH REACHE THE FINISHED BRIDGE OVER HELL GATE.
OUT FROM EITHER SIDE OF THE RIVER WHILE BEING GUSTAY LINDENTHAL AND THE MEN THAT HELPED IN THE
HELD ALOFT BY THE GREAT BACKSTAYS OF THE BUILDING OF THE BRIDGE
TEMPORARY CANTILEVERS .
o . . - . . o
i = Link in Transportation Chain That
An Engineering Feat Called Great P ;
Even in This Day of Wonder Will Help Lessen Freight Con-
-~ 1 . -
Workers in Steel gestion in New York
y taken across the #ap befare the cen-] Over on the Ward's Ieland shore,
TH ] | tral panel was linked up showed agree- however, the engineers  discovered
E WORLD’S GREATEST STEEL ARCH BRIDGES. ment within five-sixteenths of an Inch ' ufter reaching the underlying Indgo
\ Span, \d ™~ . | with the lengths previously calculated.  that the rock was erossed by a great
Hell Gate. . R e E g bioh SRR E a8 s naeesss LM -TEBE i ’ Here was tho olimax of two years diagonal figssure This necessitnted
CU"U“ arch, Niag'nra | il P 840 feet il of abstruse computation and many the sinking of twenty-one pneumatio
Vt:!ur Viaduct, France. ......ccononevecesonennsas 721 feet months of building togcether of 40.000.- | conerete calssons, the deepest of them
Rhine bridge, BONM........0o0urusssrevnrine.., 614 feet 000 pounds of steel. The layman will | going down 120 feet below the ground
. more fully grasp this engineering mar- | surface. This task alones tonk scven
HE steel arch across Hell Gate, | fered naturad difficultics enough, and 3 :‘N |“‘.\h‘}n‘ :m“:n",rf =2 "”:.m .“"(”-,\‘.h.v "T'“_’”“‘ B C"m““:"“s m:.d I"l""li""-’:
/ the heaviest hridge In exis- these were sugmented Ly the volume _‘tf::]fu l,' 't|1 o r‘:_ﬂlﬂlrh rmni Il-h‘\‘:: work, and u!|11.|\|!L.| 1.11('\- .m.!l"l.l"'“.
tence, will be | of trafMc-threading that tortuous, tur- & cture utllized thou=ands ang ; toiled under a very hoavy alr pressuree
oo, goon ready !ol'. bulent route, It was impossible to " | sands of pleces of steel of varying there was not a eingls futal cane of
traflic, and it will then be possible for | pujld false works which might inter- o> ‘ | lengths and thicknesses, and only by |culnson diseasge hecause of the =kilful
travellers to pass through New York, | fore with shipping, and to be profitable Y :::L';;‘ i e R i s surarylulon g DN’ pretopt Heso e
golng nort It was necessary that the bridge should . "-_ i 4 WS de- |ty 1tha hospital lock whenever any ol
b ’ h 2 a4 S0 1 be wide :notlgir and strong :-fmunl: Lo Iirﬂ! of accord, Further, thiere was the | the men showed symptoing of “henda
the Inconvenlences and delays that | carry four tracks and to bear the bur- question of expansion and contraction On the western approach the New
havo hitherto, bean wmavoidable. Time | den of heavily laden tralns.  Iere ' not only as the general temperature | York Connecting Rallway eins fent:
will be saved, money wiil be saved. was ai vconomle prerequisite that was | ; "-'-_“L'"'i it "* ‘1"" hj'-" ':f 1] s ’_‘"': the tracks «f the New York, New
The Hell Gate bridge is part of a ‘ enovgh to balk the best engineering EVELING Il‘*! _nnli u'rf-‘:‘!--l "m”"“'fi' '.'p,'” N ven and Hartford Une at 14820 strat
{!_un mile project known as the va;cunnlnu, and yot it the project was t“. » - \ L P ONE ||'<![.|_‘! (\.I. the growing arch and the and swings to the south and cust,
York Connecting Rallwauy, and of this, | pay a bridge of that capucity had to be » \ u N | backstnys. o o . | b g over the Dronx Kill, Randall's
the East River division alone repre- ' provide! ! OF THE | "“.r Lindenthal foresaw all these alf- | feland snd Littla Hell Gate, and thenos
sents an outlay of $80,000,000 and cov=| Cou'! It bhe done? There wue GREAT |": ""1’:"‘":”""“I'"‘ """'_"’ '_'I" “]' ': ‘:".“'I upon o steadily rising viaduct joine
ers o stretch of three and a I1fl|f| nothin, In the way of a precedent to HYDRAULLIC A g: ‘_Ln" i !_*'h'l"'“ln;_“'.‘I";'";;'_T \"3“\' '!-'_"'l'lf the F.I'-u'! Cinte arch on Ward's Island
mlles, Tho magsive span has cost §12,- | angwer the question. The whole . PL JACS 50 1 |I‘“_ ":““r: '11'. ‘]’:“ “;!"" . _I’_' o ]' "‘" At thiat polnt the tracks reach an
000,000, It s an Interesting illustra- | scheme hinged upon the bullding of TO%CSF ONr\é :ul-‘:In‘I'l.-'n;‘Ir-l-l-.r l:‘ _“'\'_' t\. '”'“.'_' it | elovation of 145 feet.
tion of what up to date American rall- | this particular link, and that seemed - -7 Y SF THE PEHE ‘“" "I'”:r" ':““ "”'“"“l""‘ Crossing Hell Gate, the rallroad eon-
ronds are willing to spend in order to  to most people quite impracticable. - — . TOWE RS .h”,'lhu;L'd ;“ |_.wh1."'h H,',, ,‘:;“ 95 !i"\ tinues its woy still upon u towering
please thelr patrons and to shorten | Not so, however, {o Gustayv Lindenthal, = GUSTAV arch held aloft by the tension of the

runs, 'The HEast River Is a much
bridged waterway, but from an en-
sineering standpoint none of the other
bridses 15 to be compared with the
newest span.

The entire project was concelved
more than ten years ago when rail-
road mon turned thelr minds to ths

problem of speoding passenger Lraffic
through New York city aod of has-

polls without Increasing the con-
urstion oxisting even then., To help
‘hem to m eolutlon, they called to
their aid the Lest engineering talent.
The outcome of the combined studies

: freight throngh or aroumd the |

! the experts was a route that would |

illow
vy

from
the

passsnger traflic to and
England 1o pasa through

'ennsylvaniy terminal on Manhattan, |

islng both the Hudson and the East
Iver tubes, while freight traina would
the Borough of Queens and
Hipokly to the Day Ridge shore,
whare they would he ferrled across
the bav 1o the Greenville plers, The
whole line was falrly piain salling with
tha exception of one staggering ob-

icle, Hell Gate,

The character of that waterway of-

Revi
I"8T a little thing I plcked up
Hand made, of

The peasants in the
them

fraversa

LAY
in America.
Couren,

lern States make

omething about that siate-
hay sounds wrong, in spite of
very famillar, You've
t often, on:y instead of America
Iranee or Germany or Holland

Lihat it ia

im or Epuin. .
i have been pleking up Ht-
ihituey mnde by hand sl over Ku-
e for the iast hundred years, Some-
on in connection with the forelgn
work
ledsprend o & bLright colored
mirlor made by w Coloninl ancestress,
helrlonms, 1t is often
' grasted that sothing worth
h made In Ameriea tasday Dby
LEe people are too busy, top
e i 1t sounds Inconsistent In
f the fuct that Americans pony
prices for the handlevaft of Eu-

nre
g

Cof our great-grandmothers
Bre forgatten g op dnrge extent and
w fver nowledge of handieraft im-
! brlog with them from Burope
logt i the mechanieal roar and
American factories.
this was true untll a few
when three Young pros
vitmen appearsd on the geene,
business and hringlng * art
m, op entering art and bring-
ners with them, 1t lan't guite
b fop with themn ari
ne nw 1 e}
a i rule,

oh Pyt

they

b separatold n

in “'ﬂri a schoal

i

| dreamed it possible that (hey could be

they can show a hand |

ving the H

and |

the engineer. How well he planned
and how well the workers wrought is
evidenced to-day.

Mr. Lindenthal has a modest way
of speaking of this latest monument
to his technleal skill. “To an engineer
one bridge differs from another only
in magnitude,” he sald, “much as one
egg 18 blgger than another egg. Al
such structures have basie principles
that persist no matter what may be
their proportions,

*“The Hell Gate bridge Is malnly :
different from other steel arches be-
cause of ita length and its exceptional
welght. These features imposed ceor- |
tain mechanical problems that had to
be met, and to do so succeasfully (t
was necessary 1o devise speclal ap-
paratus and facllitiea,

“To begin with there were reasons
why an arch should be adopted in-
stead of a cantilever span, the ends
of the arch to be supported by flank-
inT towers of masonry and there
hinged #o that the half sections could
be brought together finally nat the
centre with the nicest sort of precls-
lon far abwive the unobstructed river,
To control the growing weight of the

These three women are Mre. Roae
Watson, who up o & YOAT Gg0 Was eX- |
pressing her art through the medium
of some new jdeas of child culture in
of her own; Miss Eleanor
Flowers, who was on the stuge, and
Earnestine Evans, a journialist.
have combined forees and have
started an all-American  revival af
handicerafis go long buried under mod-
ern machinery that no one without the
Ieals of these three enthusinstic, artis-
tie¢ business women would ever hoave |

brought back to life.

They have seurched through the|
South and have found waomen living in
Isolnted farmhouses who still remem-
Ler the art of hand made patchwork
quilts and hand woven bedspreads,
Tucked nway In the attles of these old
farmhouscs were looms covered with
dust und cobwebys, and some of these
have been brought down from thelr ro- |
tirement and put back to use by
women who are taking Joy In work
they had long glven up as having no
place In modern life. |

Yeurs ago therp was o faclury on |
the I'allsandes where hand woven 8ilks |
were made, The three artistic busi- |
ness women searched until they found
the disearded hand loomes; they hought
them and sot theom working agaln and
manned them with old workmen whose
fingers have not forgotten the skill
taught by thelr mustera in France and
Helglum. The workmen are all old
men, amd it took a long £arch to find
them hurnessed to soulless, automatic
muchines in factories all over Amor-
lea. But at fast enough were found to
bogin, and these old men will in turn
tree apprentices so thnt theie net may
not die and the Flambeau Weavérn ou

' nicely in

andicraf

Ihum nrtlst skilled In handieraft,

| outreaching half sections of the arch,

hinged ns they were at their bases,
it was necessary to have means by
which these sections could be lifted or
lowered In order to bring them exactly
togother at the time of uniumn,

“To this end four extremely power-
ful Jacks, sach with a lifting eapacity
of 2,400 tons, were provided, and two
of thess were set on top of each of
the bridge towers, At one time during
the erection work these jacks ralsed
the arch sections, representing thou-
sands of tons apices, n matter of
21% iInches, And finally when the
union was made with the centrnl panel
the joining arms were controlled so
moving into place that a
watlch could have been suspended with
safety within the closing jaws.

“From =start to finixh the hullding
of the bridge was carried along with-
out & single mechanical brealidown
of any Importance. The rivets used
in the span are the biggest and longost
ever employed, and thelr driving
called for the use of the largest of
prneumatic hammers, Thesa tools

the Palisades may continue long after
the Arst workers huve gone.

Here are wovon silks of benutiful
colors, dyed by hand with yegetable
Ayes, for curtiins, draperies, scarfs or
“Puris” frocks, the “sort of thing you
can’'t get In America,” woven Inst
through generations and with
colors thut never fade

The Flambeau Weavers have opened
n gnllery In this city for the display
not ouly of thelr own products but
alko of the work of every other Amer-

to
dyed

nre  shown patchwork  quilts
knitted bedspreads from Georgla and
South Carolina, gorgeous blue and yel-
low dragonily lustre pottery made by
A womun in New York, hand made fur-
niture, the wood pollshed and stained
until it looks like brass, and dozens of
uther varietles of hapd work resur-
rected from the almost forgotien se-
crets of the past or produced by the
original braln of some modern artist
who has never before had an opportu-
nity to bring his work before the pub-
e,
The

inmbeau gallery is designed ns

| or manipulntion accurate.

Here |
ulflll-:

a cloaring house for hand made Amer- |

eun urt work., Here any artist whose
work shows merit ean exhibit without
charge and seck a moarket for the
products of his brain and hands among
people who have real art appreciation
regurdiess of whether the worker
comes from Sevres or Hoboken

Here one can find hooked g chale
soals In curlous deslgns, hand woven
tapegtries, bralded mals  of bright
colors made by thoe blind workers at
the Lighthouse, Jupnnesa batlk work
on silk for sofu plllows or hangings or
oven dress designe. There are pleture
frames of rosewoud Inlald with Ivory

were, of course, diMcult to handie In

the beginnlng, and it took some time
to traln the vivelers to control them
properiy. They acaquired the trick

wfter a while, and it was nat untll the
men were thorpughly proficient that
they were allowed on the netual job

“Some of the other special facilities
were equally out of the ordinary run,
nnd tme and practice were necessapy
in order their managemotit
Remember,
while the heaviest secilons of some
ather bridges ure as ponderous as the
heaviest used on the Hell Gate span, no
other bridge n jis entirety is so mas-
sive: and oll of the great welghts hind
to be holsted Into place und secured
with the utmost preclsion,

“At the centre, the top of the arch
Js 305 feet above mean low water, and

o mnKe

the closing panel weighed 300 tons
Tha lifting mochinery was therefore
of  unusual capacity, and notwith-

the  extraordinary  loads
was rhised and moved into

standing
every part
position to'n nieety

Mr. Lindsmithin brief explnnation

munide  dn M and Mexican altar
cloths showing a welrl combination of
Indian legend amad Bible history in their
composition; hand made laces and hand
wrought Jowelr every kind of art,
no mutter whint form of expression the

xlvo

wrtist chodses Go s

“We believe thut we aredolng n W
work for Americon art,"” explained Miss
Flowers, “That thers s o demand for

this 2ot of thite s #hown by the nume-
ber of people who go abroad Lo get it.
It s L ETEE) that Americae hns
gauled the reputation of baving noth-
ing tu offer to the world of art.

4 y» malter of foct we really have
more to offer thian any other country
in the world, for eme population s
mido up of people from every countey
in the world amd they have Livonght
thelr art or L knowledge of thelr wrt
with them. The only troubile Is that
Amerlenn artigts have never beon en-
conrnked,

WWeavers hinve coma to us from
ather lunds and have found that their
kil was of no value in a osintry
where the machine rules everyiliing,
s they wenl dnle factaries and thelr
children  have  grown  up  withont
knowlodge of the

handleraft of thelr

futhers, untll now the art of hand
werving
We had to search fur and wide bofore
we found o few old men to put to work
ab our lopms on the Pallsades,

it {8 the sume with new arts. The
urtist desigps something orighial and
solls a fow coples JUst as o novelty
and there the matter ends,  Nelther
the world of art nor the urtist is any
the richer for hig Inbor,

“The Flambeau weavers are golng
to ohanwe his eonditlon.  We wre
making it possible for every artist to

W LB

ﬁ\:/é:
quite falls to tell anyithing but a small
part of the story this « ering
accomplishment. The* underiaking
has been followed with intercst by ti

whols engineering
were some crities who persisted aimul

of

worlid, and theps

tha final uelon was made in Wllev-
ing that something would fall and
millions of dollars be egnerificed n o

disastrous crash, They had in mimd
the collapse of the first Quebec bridee,

and their fears were sorgewhnt Justl-
fied when the second Quebec span
gave way as the centrnl panel was

heing holsted into position

The secret of Mr. Lindenthal's suc-
ross hns lald in his capacliy for in-
finite pains In preparation. Noa detall
lies been too small to warrant his
personal attentlon. XNo wonder, then,
that his plana, when extilbited at Lelp-
zlg two years ngo, won for him the
highest award and a gold medial,

To=dity the Hell Gute bLiridgo repre-
gents o sustadpned mass of 10,000 tons
of gteel nlone, rom pler to pler the
arch spuns an interval of 1,017 feet.
"This far exceeds the reach of any

; | Bf | _Our | 'Great_-(_}_féndmothers!

bring his work before the publie, We
glve him an nudlenes with the world
by exhibiting his work free of charge
where It can stand or fall on 18 own
merits,  Of oourse If the work does
well we get a commission.  We are not
working altogether on the principle
of art for art's sake,

“Men have
and business {neompatible, but with
the entranee of women into the world
of busitess o changoe I8 sure Lo corme
We cun put art into businoss and
busginess Into art without detracting
freom the merit of the one or the profit
Lol the other,

“Just now while the rest of the world
s ot wur s America’s chance to prove

that she Is not wll sordid commerce,
that her ecnormons  prosperity  hins
| rought her something better than a

keoner appetite for more gold and that
worthy artisie neesd not sturve and die
unrecognized oven  In commercial
America."

1t waus a long =pecch, and tha en-
|lhnﬁ|.-n.|n with which Miss Flowers de-
||1\fpr[-n| it made me feel like w 10,000
person audience, Mrs, Wialson was so
busy that ghe didn’t have time to tulk
lIu me, but from tlme 1o time she

pariner.

Dozens of other ariiste nre agsocinted
with the three artistie business women
who form the puclens of the Mlambenn
Wenvers, and If enthuslosm, congclen=
tious work aud real appreciation of art
can usher In the new era In American
art nf which they dream It will be o
reality before many yeurs have passed
and the United Btates will be fumous in
Burepa for eoiiclling
lonaires,

" "
lh Badtin e

mlwonys considered art |

LiNDENTHAL
ENGINEER

the
CROrmnlis

same general de-
weight I8 sup-
ted by two grest massive towers of
granite 230 fect high, and the ends of

the bridge rest upon four ponderous
shoes of cast steel, each welghing
aAN000 pounds. the largest castings

ever mnde,
It is st these four points that the
nrch i8 hinged, The purpose of the

hinges was to permit the bridge to hnl

bulkt temporarily on the cantliever
principle and to allow ultimately for
the levelling of tha two sectiona of the
arch a8 they approached each other
and finally cama near enough together
ti be fuined,
i To describe the process of construc-
tlon populariy, It may boe Hkened to a
person =tanding upon a narrow. ledgo
while lenning out over space with one
arm oxtenided buckward and gripping
the limb of a trea. The feot would
| ropresent the hinged shoes of the arch
one and the arm the temporary
Kstoy ot tower which kept
et growing half of the arch from
falling into the swirling wuters of Hell
Gate

With the outstretched halves of the
nrch once

o

| ST euch

for the time
he

being of girders luter to
used s track supports in the ap-
proaches, were no longer needed, and
Instantly the solldity of the structure
depended  alone upon s own  tre-
| mendons dead welght and the Airmness
of the footings provided by the sustaln-
ing towers of granite. The unlon alwo
mednt o poriod of stroctural readjust-
ment, during which the wreh, previ-
Lousaly kept aloft by the tension of the
| e kistays, hecame vigld by virtue of
the compressive pull of its ponderous
fuhric of steel,

In short, its capacity to endure 18 the

jolned, the backstays, made |

cantilever buckstays. They were ahle
to ralse the snddles of the cantilevers
where they passed over the tops of
the towers,

In this way the cantilevers were
rajieed fifteen fnches abova thelr final
| positions, lifting at the same time the
Punjoined tips of the arch eectlons,
though of course not

tent, Finally by lowering the four
| Jacks the two cnntilevers were hrought
| togethier, the lpads on the backstoys

were released
became o
Again, as further proof of the aston-
tshing accuracy of the enginecrs, the
final lowering of the arch halves was=
Within one=thirty-second of an inch of
| the distance previously estimited,
Sinpe October 1, 1015, the trackway
siu=pended from the arch has heen
built, aud to-day the bridge In rendy
1o bear the live lond of twelve tons
per linear foot, while sustaining
twenty-six tons of structure per linear
| font., For the gake of popular com-
| parison this live toad might he Hkened

and the arch so foined

| to the welght of foriv-five of the
' higeest and Jgaviest of modern loco-
motives In maotion,

TrafMle experts ostimate that some-

thing like forty fust throngh
Ig--r tralng will traverse the Hell Gate

NS -

I ronte dully, and travellers friom Bos-
| ton bBound (o the YWest and South meas
I muke their Iournesve withont transfer
:\\ hen  reaching  Muanhattan Apart
r from the malter of convenlence n
great deal of time will be  saved.
Where frelght 18 coneerned, the lHne

twhen finished ot Bay Rldege will i

11

wosaving of =ix hours for gomds bound
bevond New York city.
Prelimi Ao actunl erection, evers

hig member of the Hell Gate arch was

assembled at the stee]l works, Sect

by section panels and the | W
phiced In poxition  horkzontad il
then, and only then, the rivel holes
were drilled In ontider to insare ficon
racy and to make it cettain that the

various units could bhe ftited together

and secured without a hiteh,
Through these hioles rivets an

and a quarter in dinmeter were s

inch

Tvpin =

product of ts own crushing weight. | quently driven, and many of

|1t wus necesssiry, therefore, for the | were eleven inches long. These 1l N
Lengineers  to provide n measure of jare an elghith of an inch in dinmeler
| frexi v which would admit of thig | bigger than those employed in the

wettling Into place when the arch be-

caome self-supporting and &tosd upnn

it« own feet In straddling the East
| River, Likewise, the engineers hnd to
Imauke coertadn that there would be n
'genernus  margin of atrength  that

would guard agilnet collapse during
Illm long months  of construction,
when, panel by panel, each Linll of the

5 ulmost Toet in Amerien, | Dodded approval of the speech of her | wop roxe highor nad reached further

lout over Hell Gate,

The better to understand low well
this work hus been carvied to comple-
tion i shondd be borne in mbnd that
pach lidf of the arch welghed 6600
tons Just before they were united by
msertion of the central panel, &
mazs nf 300 tons of steel, These out-
siretehod arms were brought into posi-
tion and Joined on October 1, 1015, and
mo i evisely Dad vvery pact Teen bullt
und sct in plece that mensurements

| the

construction of the present unfnishied

Quebee Lridge. An eighth of wn inch
miy not scem much of o differenie
but te the engineer it micuns o v

Toandsome margin of safety, wivl ols
conuideribly thsle  for the
riveters,

All thils mny sound Hke faiely
salling, and so It was, telatively spund
thanks

Beayier

Hig, to the foresight on the
part of Mre. Lipdent? ol and bis as
clates, but nature Interposal a rlovit
problem when It catoe Lo badbdiie thn
fonndation for one of the wreat s uj
porting towers, for i wos pn By !
et down to solbd Foc i i e 0 of i
frm footing Nov o Lranly Wil A
perienced ot e ol e st 1owe
on the Long 1#land =i oL § R R TLD
There the bullders bnd only o exon
CCLT R TSRS (8 TRICR TTRS (NS O T T
rock that lay ncur

to the snmo ex-

self-supporting  structure. |

viaduct a half mile long and 135 feet
high, and then gradually descends to
Eraddp after swinging around to the
eouth and west in order to arriva at
the Sunnyside yard of the Pennsyl-
vania Ruilroad, Long Island City, At
li‘.:.u point the tracks run directly inte

the FEast River tubes of the system,
The tralns will all ba drawn by elee-
trie lovomotives and every part of the

| ling, including the stretech over Hell
| Gate, ia stone ballasted in order to
| glve rigidity to the roadhed and to

reduce nolee, At fairly frequent in-
tervals along the route there are exits
by which passengers can reach the
|4:rnun-l In case of aceident or during
| prolonged halting of traMe.

|  Ordinarlly the bridge over Little
Hell Gute would be considered an en-
gineering feature well worthy of de-
tulled desgeription, but in the present
| instance it s overshadowed hy Its
telghitor spanning the Fast River,
The Little Hell Chite bridee hiaz a total
oot 10054 fect, and 18 composed
of four inverted bnwstring truss spane
T'o the uninitinted these tryases viewed
from o distance are lim looking fab-
rivadl

s and yet they are roally mas-

EiVe, Iwecause thov are made up of
linked eve hars sixtoen inches wido
atidl more than two inches In ileloness,
Not anly that, hut the Juncture of
contignotis sevtions = effecteod by
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